INTRODUCTION
The freezing point of indium was introduced as a new fixed point in the International Temperature Scale of 1990, ITS-90 [1] . This enabled the realization of the ITS-90 and calibration of platinum resistance thermometers in the temperature range 0 °C to 156 °C at a significantly lower level of uncertainty. For EUROMET Project No. 391, a transfer indium cell (In 114) together with a furnace has been circulated among the nineteen European national laboratories listed in Table 1, for , and the results demonstrate that, even though the circulation was performed over a long period, the stability of the cell was satisfactory for this type of comparison.
However, during certain periods throughout the circulation, the furnace malfunctioned by not achieving the necessary temperature uniformity along the whole length of the cell. As a consequence, some of the laboratories obtained large temperature differences between the local realization and the circulating one. Therefore, in EUROMET Project No. 712, complementary comparisons were organized using the same instruments, ensuring that the furnace was working optimally. These were carried out as direct comparisons between the laboratory cell and the BNM-INM transfer cell on the premises of BNM-INM. The five participants are listed in Table 2 .
Preliminary reports of the results have been published for Project 391 [2] and for Project 712 [3] . 
EQUIPMENT
The equipment supplied by BNM-INM and circulated between the 19 laboratories of Project 391 consists of a furnace and an indium fixed-point cell, In114. The furnace was transported by usual freight, while the cell was hand-carried from one laboratory to another. For Project 712 the laboratory cells were taken to BNM-INM and the comparisons were made there.
The Furnace
The circulating furnace works on the forced hot air principle and is constructed according to the BNM-INM design as in Figure 1 .
The furnace dimensions were modified to be suitable for freight transportation. As a consequence, it was necessary to shorten the furnace and the height became insufficient to embed the whole length of the transfer cell; thus an uncertainty contribution from the ambient temperature was included in the uncertainty budget. 
The Transfer Indium Cell
The transfer cell, a sealed model, identification number In 114, was made by PYROCONTROLE under license to BNM-INM. The argon pressure inside the cell is one atmosphere when the cell is at the melting temperature of indium. For transport the cell was accommodated in a specially built carrying case. Figure 2 is a schematic diagram of the cell. The height of indium between the bottom of the well and the surface is 160 ± 5 mm. Tables 1 and 2 summarise the In cells that were used for the local measurements. Of these, 17 cells were sealed and 7 were open. The resistance bridges used for measurements in the laboratories were ASL-F18, Guildline 9975 and MI 6010B. For Project 391, the results were reported as resistance ratios corrected to 0 mA current. The comparisons were performed between 50 % and 80 % liquid phase and the typical duration for the freezing for the transfer cell was 2 to 6 hours, while the typical width of the plateau varied between 0.2 mK to 1.4 mK.
Local Indium Cells
For Project 712 the freezing temperatures of the different cells were compared at a liquid fraction between 50 % and 90 %, and the width of the plateau was between 0.26 mK and 0.44 mK. The comparisons were again made using thermometer resistances corrected to 0 mA.
REALIZATION TECHNIQUE
Each laboratory was free to use its own procedure for the local realization of the In freezing point, consistent with the recommendations of the Supplementary Information for the ITS-90 [4] : -'Indium supercools by 1 K or less, so outside nucleation is usually not necessary. After melting the ingot, the furnace temperature is stabilized a degree Celsius or so below the freezing point. When the temperature indicated by a thermometer has fallen close to the freezing point, the thermometer is withdrawn and allowed to cool for up to one minute before being replaced in the cell. The loss of heat to the thermometer is sufficient to cause rapid nucleation with the formation of a thin mantle of solid indium around the thermometer well; the plateau temperature is then quickly reached'.
It is expected that, using the technique mentioned above, freezing plateaux with durations of several hours can be obtained. The technique applied for the realization of the transfer In freezing point (cell and furnace) was included in the protocol of the comparison.
MEASUREMENT UNCERTAINTIES
The uncertainty budgets reported by the laboratories for the EUROMET Project 391 are given in Table 3 . The first part includes components of uncertainty in the comparisons, u 1 to u 6 , taking account of correlations in the measurements. It includes contributions from the reproducibility of the temperature differences, self-heating, perturbing heat exchanges, electrical effects, temperature variations on the plateau, and the reproducibility of the transfer cell. The reproducibility component u 1 takes into account the combined stability of the thermometer, the bridge and the standard resistor.
The second part gives the components of uncertainty, u 7 to u 10 , in the local realizations of the indium point, due to chemical impurities, gas pressure, hydrostatic effect, and the long-term reproducibility of the local cell (if assessed separately from components u 7 and u 8 for impurity and gas pressure).
As the height of the circulated furnace was not sufficient to embed the whole of the transfer cell, the internal pressure of argon in the cell depended slightly on the ambient temperatures in the different laboratories. If one assumes that those variations lie inside an interval of 5 °C (20 °C to 25 °C), it is estimated that the temperature of the transfer cell will be different by a maximum of ± 0.02 mK.
The uncertainty contribution from the reproducibility of the transfer cell was calculated by BNM-INM from the minimum and maximum differences found relative to its cell In43, as follows: The component u 6 includes u reproducibility and also a small contribution (± 0.02 mK) coming from the ambient conditions. * this component is included in the assessment of u 7 and u 8 .
The uncertainties in EUROMET 712 are given in Table 4 . The first part relates to the comparisons at BNM-INM: reproducibility, self-heating, perturbing heat exchanges, electrical effects, temperature variation on the plateau, and the reproducibility of the transfer cell In114. Most were reported in [3] .
The second part relates to the realization of the indium fixed point at the five laboratories. They were also reported in [3] but they were not relevant to the cell comparisons at BNM-INM. They comprise components for the purity of the indium, the gas pressure in the cell, the hydrostatic head effect, and the long-term reproducibility of the local cell
The BNM-INM component, u 3 , associated with perturbing heat exchanges, is smaller than in Table  3 because the thermal characteristics (stability, uniformity, etc.) of the air-flow furnace used in EUROMET 712 was notably better in than the furnace circulated in EUROMET 391. 
RESULTS
The laboratories reported results for EUROMET 391 as the project progressed, as is shown in Table 5 and plotted in Figure 3 . They are presented as the means of the temperature differences between the local cell and the transfer cell, expressed in millikelvins. The uncertainties are the expanded total of the laboratory values in Table 3 , including the contribution from the long-term reproducibility of the transfer cell. Uncertainty bars in Figure 3 are shown, both for the comparison uncertainties alone and including the local realization uncertainties.
The BNM-INM results are the reference measurements, and BNM-INM (mean) is the average of the five reference measurements. The temperature differences obtained are given in Figure 3 showing that all the differences except two lie between -0.61 mK and + 1.09 mK. However, three of the laboratories (IMGC, BEV and EIM) obtained a temperature difference larger than 1 mK. The analysis and investigations made by IMGC (Italy) during its first period of measurements showed that the transfer furnace might not have been functioning properly during that time. The anomaly could have been provoked by disturbances from the transportation of the furnace. Measurements were performed on the temperature distribution along the thermometer well during the freezing of indium for both the local cell and the transfer cell. Figure 5 shows that the temperature distribution followed the Clausius-Clapeyron curve in the local cell, but it did not follow the same pattern in the transfer cell. On the basis of these results, IMGC was allowed to do additional measurements with the repaired furnace within Project 391. The later (January 2003) measurements at IMGC were performed with the same equipment, but a different cell (0.3 mK ± 0.2 mK higher), and the results are given in Table 5 , last entry. The laboratory measured once more the temperature distribution along the thermometer well during freezing ( Figure 5 ) and the results show good agreement with the calculated (Clausius-Clapeyron) dependence over the first three centimetres from the bottom of the transfer Indium cell. These data confirm that the transfer apparatus was working well the second time
The results for Project 712 are given in Table 6 and plotted in Figure 6 . The inner uncertainty bars refer to the comparisons at BNM-INM, while the larger uncertainties include the additional uncertainties relating to the realizations of the indium point at the participating laboratories. 
DEGREES OF EQUIVALENCE
The results of the two projects have been combined and the inter-laboratory degrees of equivalence have been calculated. The differences are shown in Figure 7 , and the degrees of equivalence are tabulated in Table 7 in the format of Appendix B of the BIPM KCDB. They are given as differences between pairs of laboratories, i and j, with the combined uncertainties at k = 2, thus (Ti -Tj) ± Uij / mK. No KCRV has been derived in this project. 
CONCLUSIONS

